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1992 Institute of Medicine

Definition of Emerging Infections

New, reemerging or drug-resistant infections
whose incidence in humans has increased
within the past 2 decades or
whose incidence threatens to increase in the near future
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Factors Contributing to the

Emergence of Infectious Diseases

EI Human demographics and behavior ]
] Technology and industry

) Economic development and land use

] International travel and commerce

] Microbial adaptation and change

] Breakdown of public health measures B o A i
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Human Demographics and Behavior

Associated P

licycles, rickshaws, buses and pedestrians jam a street in Dkaha, Bangladesh.




Additional Factors Contributing to the

Emergence of Infectious Diseases

J Human susceptibility to infection

J Climate and weather MIEHUHIHHHEEE}&
] Changing ecosystems " o
[ -] Poverty and social inequality ] © . E

J War and famine
) Lack of political will
] Intent to harm




Poverty and Social Inequality

NEJM 2004; 350:1483; Lancet 2005;365:901-3



“A robust public health system—in its
science, capacity, practice, and through its
collaborations with clinical and veterinary

medicine, academia, industry and other
public and private partners—is the best
defense against any microbial threat.”

MIEHI]HIHIT,HTHHEHTE

HEALTH

EMERGENCE, DETECTIN,
e, MORESPONSE




Strategic Thinking and

-

_ ~a~do Health>~7
5 S

iny

" ‘*j : # .....M..,..\,..:,‘:.,:.:.A..‘,‘.:l\...(...‘. cDC

Program Priority Setting

-5

Xy Addressih’g\Emerging

Infectious'Disease

) Thregts /‘
A Prevention Strategy B PREVENTING B4 »
"7 , lfor tthniteq Stat-es,,\ t r ENERGING ()
e MR THAEAT

EHERGENCE. DETECTION,

for the fND RESPONSE

21st
Century




A Decade of Global Infectious Disease Challenges

1993

1994

1995

1996

1997

1998

Hantavirus pulmonary syndrome

Plague

Ebola hemorrhagic fever
Leptospirosis

New variant Creutzfeldt-Jakob disease

H5N1 influenza
Vancomycin-intermediate S. aureus

Nipah virus encephalitis

United States

India

Zaire
Nicaragua

United Kingdom

Hong Kong
Japan, United States

Malaysia, Singapore




A Decade of Global Infectious Disease Challenges

(cont.)

1999 | West Nile encephalitis Russia, United States

Rift Valley fever Kenya, Saudi Arabia, Yemen
2000 :

Ebola hemorrhagic fever Uganda
2001 Foot and mouth disease United Kingdom

Anthrax United States
2002 Vancomycin-resistant S. aureus United States
5003 SARS >25 countries

Monkeypox Midwestern United States

2004 Avian Influenza (H5N1) 8 Asian countries




Zoonotic L

11






Is That an Epidemic — or a Terrorist Attack?

Bioterrorism Is the Least of Our Worries

~ By Josathan B. Tucker

he news media are fas-

cinated with bioter

rorism. After a New

Yorker article this

week quoted U

named Central Intel-
ligence Agency analysts who specu-
ated, apparently wrongly, that the
outhreak of West Nile-like fever in
New York could have been the work
of Iraqi terrorists, a number of tele-
vision news programs reported the
story. And eartier this month, ABC's
“Nightline” aired a weeklong docu-
drama in which a hypothetical an-
thrax attack on the subway system
of a major city inflicts more than
04 ihs.

This sart of worst-case scenario s
extremely unlikely. In truth, most
terrorists aren't interested in stag-
ing catastrophic biokogical attacks,
and those who are would have signif-
icant technical burdies to overcome.

Over the past century, not a single

provide technical belp, but any at
grave risk: the sponsor could lose
control over the terrorists and invite
severe retaliation i is involvement
became known. Or 4 wealthy terro-
5t group might try fo recruit scien-
tists farmerly emplayed by the Sovi-
et Union, for example, which had
advanced  bloweapons  programs
But no evidence currently available
paints (o such assistance.

Without technical heip, small ter-
rorist cells would have & hard time
mounting a large-scale biological at-
tack Germs suitable for warfare
are difficult 1o mass-produce and
even harder to disseminate effec-
tively. Microbes might be spread
for example, as an aervsol cloud, but
tis technically complex and danger.
ous 10 produce & concentrated aero-
sol that could infect thousands of
pecple. Contamnating urban water
supplies is also beyond the ability of
most terrorists, mainly because a
huge volume of harmitul agent woukd
be needed (0 overcome the effects of
dilution, chiorination and fltration

In the late 1880's in Japan, the
Aum Shinrikyo cult, which had vast
financial resources, recruited scien
tists from leading Japanese univer
sities 10 develop bioweapons. But
even though (he cult aoquired an
thrax bacteria and botulinum toxin
and carried om several attacks in
Japan, e injuries ar deaths were
reported. The cult then resorted to
sarin, a chemical nerve agent. In
March 1985, the group released the
poison on the Tokyo subway, killing
12 people and injuring more than 4
thousand

Given the constraints, a bioterror.
st attack in the United States in
which thousands of peaple are killed
remains extremely unlikely. While
planning for such an event is war-
ranted, government authorities
should pay attention to & far more
probable scenario: small-scale inci-
dents ivolving food or drug con:
tamination, which could cause wide-
spread fear and economic disrup-
tion D

e

CAMERIDGE. Mass.

e fhirry of rumors

last week about the

origins of the enceph-

alitis outbreak in the

New Yark metropos

1an area proved how

anxious we are about biological ter-
rorism

After an article in The New York-

er quoted unnamed Central Intells

gence Agency sources who speculat-

ed that the West Nilelike virus

might have been spread in an Iragl

itself having to reassure the public
that this chaia of events was highly

For one thing, West Nile encepha-
Jessica Stern, o fellow at Harvard's
Center for Science and International
Affairs, is the author of “The Ulti
mate Terrorist”

litis 18 & relatively mild disease, and
Saddam Hussein has far more viru-
lent agenis in his arsenal. For an.
other, the outbreak has all the ear-
marks of a naturally occurring in-
fectious disease, according to the
Ceners for Disease Control and Pre-
vention

But this case illustrates ane of the
most troubling aspects of biological
terrorism: It can be extremely diffi-
cult to distinguish germ warfare
from a natural outbreak of disease.

After all, this is not the first time
that biological stiacks have been
blamed for sudden epidemics. In
1997, when foot-and-mouth disease
struck pigs in Taiwan for the first
time in 83 years, the Taiwanese Gov-
emment was forced to slaughter
some four million hogs. Taiwanese
farmers, without any evident
pected that China had deliberas
introduced the disease on the lsland
o damage the economy.

After Cuba suffered an epidemic
of dengue fever in 1981, it accused
the United States of biological ag-

A Lethal Weapon We Must Learn to Recognize

jgression. In 1997 Cuba made a simi-
ar claim, charging that the United
States had dropped cropeating
pests from a low-flying plane.

On the rare occasions when bio-
logical weapons have been used or
accidentally released, scientists and
government officials often first as-
sumed that the epidemics were nat-
ural outhreaks

Qur uncertainty
about a virus's
originisa
warning.

For instance, many American se-
curity experts initially believed that
2 1979 outbreak of anthrax in the
Sovtet Union was caused by contam-




2001

Anthrax Found in NBC New Aide

Suspicious Letter
Is Tested at Times
— Wide Anxiety

By DAVID BARSTOW

An & t to the NBC anchor

v has tested positive for

tion more than two

weeks after she opened a threatening

letter addr to Mr. Brokaw that

contained a white powder, officials
sald yesterday.

Even as law enforcement officials

cordoning off Rockefeller Cen-
ter, the newsroom at The New York
Times was evacuated when a report-
er opened an envelope that also con-
tained a white powder.

The substance was still being test-
ed last night, as investigators ex-
plored potential links between the
two incidents. Both letters were
mailed from St. Petersburg, Fla,
and had similar handwriting, accord-
ing to law enforcement officia

ssible bioterror-

sed wi read anxiety in

New York and across the country.
People depleted supplies of antibiol-
ics at drugst and besieged their
doctors. Offices were evacuated af-
ter a spate of threats, and companies
made emergency adjusynents to the
way they received mall. [Page B9.|

The NBC case marked the second
time an American has been stricken
with a form of anthrax since the

a man died after |
he contracted an inhaled form of the Reeters

disease at a newspaper office N  pr.uor Rudolph W, Giu a news confe sterday at NBC,

Boca Raton, Fla. Two other people at i
the office were exposed to anthrax where he tried to calm new y an anthrax case.




Recognition of Anthrax in New York City

] 38 year old woman; NBC TV anchor assistant

] Recalled handling a suspicious letter with
powder before onset

] Cutaneous lesion onset 9/25/01
» Central necrosis with eschar
» Cultures negative

» Immunohistochemical staining of
skin biopsy at CDC showed
B. anthracis on 10/12/2001




Chain of Transmission, Hong Kong, 2003

2 family 2 close contacts
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The Importance of State of the Art Molecular Methods
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SCIENCE 1998; 282:219

INFECTIOUS DISEASE

Molecular Methods Fire Up the
Hunt for Emerging Pathogens

Combining an early warning system with genetic techniques, microbiolo-
gists have stepped up the hunt for emerging pathogens in the United States

When a 3-year-old Connecticut girl was
hospitalized with an often-fatal type of kid-
ney failure last year, doctors at first suspect-
ed that she was infected with Escherichia
coli O157:H7, a dangerous strain of bacteria
that can cause kidney failure in children.
But all attempts to culture this and other
pathogens failed. Fortunately, the girl recov-
ered, and the case became one of the thou-
sands of unexplained illnesses put on the
books every year in the United States.

This time, however, the story didn’t end
there. To track down the mystery pathogen,
doctors turned over samples of the girl’s
blood taken during the height of her illness
to a specialized pathogen lab in California,
via the Unexplained Illness Working Group,
a network of infectious-disease experts coor-
dinated by the Centers for Disease Control
and Prevention (CDC) in Atlanta. The Cali-
fornia lab used sensitive molecular and im-
munological probes to identify the pathogen:
an unknown strain of enterovirus, a large
group of microbes that includes the polio-
virus. This information came too late to help
the Connecticut girl, but researchers are still
probing the virus’s genome to see if it
matches one of the more than 70 known en-
terovirus strains, or if it is a new pathogen.

This is just one example of how new
molecular technologies are speeding the
hunt for microbes that have recently begun
to attack human hosts, or so-called emerg-

ing pathogens. To fight these bugs, re-
searchers are now going beyond the tradi-
tional means of identifying pathogens—
culturing them in petri dishes and test
tubes—and isolating the DNA or RNA that
makes up their genomes. The enterovirus
that infected the Connecticut girl, for exam-
ple, was spotted by matching a segment of
its RNA to that of other known enterovirus-
es. The Unexplained Illness Working

Pathogen central. The CDC in Atlanta is at the
hub of a microbe-spotting network.

Group, created by the CDC in 1994, is one
leader in this effort, focusing not on the
tropics, home to infamous viruses such as
Ebola, but on the familiar settings of U.S.
hospitals and clinics, where new and deadly
strains may also emerge.

The network serves as an early warning
system for dangerous microbes as well as a
focal point for research on new tests. And
over the past year the team has revved up to
full speed: Some 200 cases of unexplained
illness are under active investigation, and re-
sults are starting to emerge. The network has
tracked down possible new strains of en-
terovirus—implicated in a number of recent
outbreaks of childhood disease in the United
States and Asia—and has uncovered evi-
dence that microbes once thought innocuous
can cause disease. For example, the team has
found that human herpesvirus 6, previously
thought to be benign when it infects chil-
dren, is behind some cases of childhood en-
cephalitis. Once new pathogens have been
identified, says CDC epidemiologist Bradley
Perkins, the working group’s Atlanta-based
coordinator, the ultimate goal is to develop a
“diagnostic test that a clinician could order
in the hospital.”

The evidence so far suggests that some
unidentified killers may already be out
there. In up to 14% of deaths caused by in-
fection in people between the ages of 1 and
49, no known microbe could be identified
as the culprit, according to surveys carried
out over the past few years by the working
group and other collaborators.

But finding these silent killers isn’t easy.
The time-honored means of identifying an in-
vading microbe is by taking blood and tissue
samples and trying to culture the organism in
various artificial growth media, then identify-
ing it either under the microscope or with




Examples of Advanced Molecular

Detection Techniques

Other

' Nucleic acids

» Polymerase chain reaction (PCR) > Nanotechnology: Imaging, etc,

> Real time reverse transcription PCR > Microarrays/gene chip methodologies:
» Genome sequencing Large scale biological agent or

» Pulsed field gel electrophoresis (PFGE) antibody screening

» Multilocus VNTR analysis (MLVA) » Mass spectrometry techniques:

> Spoligotypying Chemical composition/structure of

molecules

’ » Genetic engineering

Crystallography Protein structure and protein- > Electron microscopy
protein interactions » Phylogenetic analysis: Compare and
> Ag-Ab complex rapid detection methods contrast the relatedness of gene

» Immunohistochemistry (IHC): Agent identification sequences

within tissues

» Direct and indirect fluorescent assays
> IgM antibody capture ELISA (MAC-ELISA)




Vigilance

. The“Alert” Physician
] The”Alert” Veterinarian

] The“Alert” Pathologist / Laboratorian

] The“Alert” Research Scientist
] The“Alert” Public Health Official

Transplants led to rabies deaths

3 cases traced to lone donor |
could prompt new screening

Public Health Dispatch

West Nile Virus Infection in Organ
Donor and Transplant Recipients —
Georgia and Florida, 2002

On August 23, 2002, the Georgia Division of Public Health
(GDPH) and CDC were notified of two cases of unexplained
fever and encephalidis in recipients of organ transplants from




The Exciting World of a CDC Pathologist!

Sherif R Zaki, MD, PhD

Infectious Diseases Pathology Branch
Centers for Disease Control and Prevention

U.S. Department of

Health and Human Services
Centers for Disease

Control and Prevention

18




Infectious Disease Pathology and Public Health

1 Pathologists are among first to encounter infectious
disease outbreaks and are in excellent position to
discover emerging infectious diseases

] Collaborative research with

» Epidemiologists, clinicians, veterinarians, microbiologists

1 Many examples of recent emerging infectious diseases
have been diagnosed through autopsies which are
increasingly being viewed as effective surveillance
tools




Our Approach to Diagnosis

] Histopathologic pattern
] Clinical and epidemiologic features

J Multi-disciplinary laboratory approach
» Culture
» Serology
» Electron microscopy (EM)
» Immunohistochemistry (IHC)
» Molecular technologies




Unexplained Respiratory lliness: May 1993

] Previously healthy young adults
J Influenza-like iliness

J High mortality

] Massive pleural effusions

&

On presentation  §

3 days later 7 |




Unexplained Respiratory lliness: May 1993

Many Theories, but No Real Fit
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Hantaviral Antibodies Detected in Patients’ Sera

But There Was Skepticism

] Serology testing at CDC Special Pathogens
Branch showed indication that hantavirus
may be the culprit

- NEWMEXICO | AST ELISA NEWS ~ JUNE 41993

CDC
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Emerging Infectious Diseases

Qutbreak of Acute lliness — Southwestern United States, 1993

Beginning in May 1993, cases of acute illness characterized by fever, myalgias,
headache, and cough, followed by rapid development of respiratory failure, have been
reported to the New Mexico Department of Health (NMDOH), Arizona Department of




What We Knew about Hantaviruses in 1993

] Clinical presentation
» Hemorrhagic renal (not pulmonary) syndrome

] Geographic distribution

» No pathogenic forms of hantaviruses were known to exist
in North America
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Distribution of hantavirus associated diseases before 1993




What We Did in 1993

Novel Immunohistochemistry and PCR tests at CDC
helped identify the emerging hantavirus

June 18, 1993 / Vol. 42 / No. 23

441 Update: Outbreak of Hantavirus Infection

443 Economic Impact of Motor-Vehicle Crashes

448 HIV Prevention through Case Management for
HIV-Infected Persons — Selected Sites

456 Pseudomonas cepacia at Summer Camps
for Persons with Cystic Fibrosis

459 Mortality Trends and Leading Causes of Death
Among Adolescents and Young Adults

462 Notice to Readers

3 Quarterly Table Reporting Alcohol

46
MORBBD[TYAND MORTAL'TY WEEKLY REPORT Involvement in Fatal Motor-Vehicle Crashes

Emerging Infectious Diseases

Update: Outbreak of Hantavirus Infection —
Southwestern United States, 1993

Since May 1993, the New Mexico Department of Health, the Arizona Department of
Health Services, the Colorado Department of Health, the Utah Department of Health,
the Indian Health Service (IHS), and CDC, with the assistance of the Navajo Nation




Immunohistochemistry (IHC)

] Localizes target pathogen proteins in tissues

J Hantaviral IHC assay used a monoclonal antibody that cross-
reacted with all hantaviruses

] Localized viral proteins to lung and small blood vessels (capillary

Photomicrographs of lungs: Pulmonary edema (L) and viral proteins (R)




Polymerase Chain Reaction (PCR) of Virus

Sequences in Tissues

}— Non-Case I Case |

Targeting a conserved area of M segment that encodes viral glycoproteins
sequencing identified a novel hantavirus (Sin Nombre Virus)
27



How Our Discoveries Helped Move the Field

Backwards

Retrospective Diagnosis of Hantavirus Pulmonary
Syndrome, 1978-1993

Implications for Emerging Infectious Diseases

Sherif R. Zaki, MDD, PhD: Ali S. Khan, MD; Richard A. Goodman, MD; Lori R. Armstrong, PhD;
Patricia W. Greer: Lisa M. Coffield: Thomas G. Ksiazek, DVM, PhD; Pierre E. Rollin, MJ;
C. J. Peters, MD; Rima F. Khabbaz, MD
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New World Hantaviruses 1993

Prospect Hill
Microtus pennsylvanicus




New World Hantaviruses 2012

Sin Nombre . , e —
Peromyscus maniculatus » '4_ Peromyscus leucopis
Muleshoe i~ i Prospect Hill
Sigmodon hispidus X Microtus pennsylvanicus

Isla Vista ~ Bloodland Lake
Microtus californicus \) > Microtus ochrogaster

Monongahela

El Moro Canyon ;
Reithrodontomys megalotis Peromyseus maniculatss
Bayou

Choclo Oryzomys palustris
Oligoryzomys costaricensis Black Creek Canal

) Sigmodon hispid
Cafio Delgadito z‘gmo e

Sigmodon alstoni Rio Segundo .
Reithrodontomys mexicanus
Maporal Laguna Negra
Oligoryzomys delicatus Juquitiba Calomys laucha
Oligoryzomys nigripes Araraquara
Rio Mamore Bolomys lasiurus
Oligoryzomys microtis Nagiel
. ~ Oran Necromys benefactus
Oligoryzomys longlcaudaluis* Lechiguanas
Bermejo Oligoryzomys flavescens
Oligoryzomys chacoensis p .
ergamino
Andes Akodon azarae

Oligoryzomys longicaudatus




Today: Hantavirus Pulmonary Syndrome (HPS)

] Investigation in the Yosemite National Park (YNP)
» As of September 18, 2012: 9 confirmed cases and 3 deaths associated
with staying at YNP
] Better understanding of HPS is critical for
» Fast recognition of illness
» Better clinical management

» Better understanding of natural reservoir (rodents), mode of
transmission and consequently impact on control, prevention, and
community outreach measures




Mystery lliness in Nicaragua, 1995

] Respiratory illness “N“lycitf?gdjf?fo'&'i
> Rapid progression of e |
pulmonary hemorrhage T Py

] Hundreds affected with N
many deaths SRR SR
] Virus suspected B

B 25 October

The Washington Times,
Tuesday, October 31, 1995



What We Did in 1995

mystery outbreak of pulmonary hemorrhage

=

Bs

The New York Times,

= S LR

% Pulmonary hemorrhage

e PRIV A TE LT Wl S

] Pathologic evaluation and testing at CDC aided in solving

THE NEW YORK TIMES HEALTH WEDNESDAY, NOVEMBER 8, 1995

By LAWRENCE K. ALTMAN

In investigating an outbreak of dis-
ease that has afflicted more than
1,000 people in Nicaragua in recent
weeks, Federal scientists may have
solved one mystery but created an-
other.

A bacterium that causes leptospi-
rosis has been identified in tissues of
four people who died in the outbreak,
providing an important lead in deter-
mining its cause, scientists at the
Centers for Disease Control and Pre-
vention in Atlanta said yesterday.

‘,{‘_|_ ,'z.l ?“':*‘f“ W
TR v e s R

wots

Wednesday, November 8, 1995

tified. Leptospirosis usually comes
on suddenly with a flu-like pattern of
fever, headache, chills and muscle
aches. The disease can cause yellow-
ing of the skin from the jaundice
produced by liver infection. The in-
fection can also cause bleeding into
the skin. Except in the Far East,
bleeding in the lungs from leptaspiro-
sis has rarely been reported. So ex-
perts said they were perplexed by
the sudden appearance in the West of
the hemoragiedwngeiagm of lepto-

A bacterium
provides a vital
lead in determining
a disease’s cause.

Nicaragua Outbreak May Be Solved

never diagnosed,'” Dr. Zaki said.

When International heaith officiais
first heard of reports of the Nicara-
guan outbreak, they thought it might
be caused by the dengue fever virus
or other viruses that cause hemor-
rhagic fever and that are known to
be in the area. But tests at the Fort
Collins branch of the Federal disease
centers quickly ruled them out, Dr.
Zaki said.

So scientists began testing blood
from Nicaraguan cases for a wide
variety of other viruses. All tests
were negative. Dr. Zaki said he be-
gan testing tissues from the same
Natients for the same groups of vi.
Nes. Again, all were negative.
jowing of reports from Korean

hinese scientists about lepto-

ls associated with severe
bleefling in the lungs, Dr. Zaki said
just wanted to rule that possibili-

as

& Friday, Dr. Zaki said he de-




What We Did in 1995

Identified the Agent and Explained the Cause
of Pulmonary Hemorrhage

Novel IHC test
used 16 reference
rabbit polyclonal
antisera reactive
with majority of
known leptospiral
serovars

Bacteria not easily

cultured and takes Leptospires (red) as visualized in lung
about 6 weeks with the newly developed IHC test

Zaki and W-J Shieh and Epidemic working group. Lancet 1996; 347:535-536




Today: Advanced Understanding of Leptospirosis

J Pulmonary hemorrhage and leptospirosis is now a well
recognized syndrome in addition to the “classic” hepatic
and renal disease

» Recognition aids in treatment and saves lives

» Recognition of increased transmission
after intense rainfall and hurricanes
helps disease control, prevention and
community outreach

] Common presentation in Central
and South America, and Caribbean
including Puerto Rico

] Several cases recognized during
H1N1 pandemic 2009 in continental US  =uius




Unexpected Donor-derived Infections Associated
with Organ Transplantation

Single donor Multiple recipients

] Multiple challenges
» Unexpected/ unrecognized at time of death
» Not screened for in donor
» Unknown incidence (low)
» High-profile events with significant morbidity and mortality




Unexpected Donor-derived Infections

NY Times, 2005 (rabies)

the obese and the

By Gretchen Reynolds

Will Any Organ Do?

Officials Re-examining
Orga;: Transplant Rules

Brain Infection in Two Patients Raises Issue

By DENISE GRADY vising in the patients’ treatment.
Y Matthew J.

NY Times, 2009 (amoeba)

CheNew 1l
lransplant Patients Die of Rodent Disease

"he Virus, Undetected in Organ Donors, Is Linked to 6 Cases

By KATIE ZEZIMA lance system for organ-transplant- transmitted West Nile virus.
- and DENISE GRADY transmitted infections.” He added, At the Petsmart store in Warwick,

3 . “Without a clinician reporting it, 102 small rodents were removed this
m&? ;:‘cr?lggjs $ sg;tl;:rsr; we’re not going to know.” past weekend, and in preliminary
w‘ W‘ -~

WEST NILE CASED NYTimes, 2005 ECV)
RAISING QUESTIONS
OVER TRANSPLANTS

NO TEST TO SCREEN BLOOD

Weeks Needed to Determine if
Operation or a Transfusion
Allowed Transmissions

NY Times, 2002 (WNV)




What We Did

Investigated and Identified Novel and Emerging Organ
Transplant Transmitted Infections, 2002—-2012

] West Nile Virus: GA 2002
J Lymphocytic choriomeningitis virus
» WI 2003
» MA and Rl 2005
» MA 2008
» TXand OK 2011

] Rabies: AL, AK, OK, TX 2004
J Balamuthia: MS and AZ 2009 and 2010
] Microsporidiosis: TX 2012




West Nile Virus Infection in an Organ Donor and
Four Transplant Recipients, August 2002

(2 kidney, liver, heart) o
Female victim of became febrile enCEPhalltIS
a car accident
Received One kidney recipient
multiple v Died of encephalitis
transfusions v" Thought to have had WNV
v' Seronegative for WNV

All organ RECEPIENTS
Organ DONOR | BUT, IHC showed WNV
v

Blood Stimulated trace
components back

from 63 donors : : ¢ . -
Investigations WNYV antigen in neurons

&) Only one component WNV IgM positive
Only one component WNV PCR positive, WNV IgM negative

Iwamoto, M et al. NEJM 2003;348(22):2196-2203

39



Conclusions

] Era of increased awareness of emerging
and reemerging diseases

] Fundamental principles in recognition
of these diseases

» Multidisciplinary approach

» Traditional and state-of-the-art laboratory methods
] Frontline role of pathology

» Recognition of emerging infectious diseases

» Quiding epidemiologic investigations

» Autopsies as a surveillance tool




Med-X: Medical Examiner Surveillance
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May 14, 1993

] 19 year old man died en route to fiancé's funeral
J Flu-like symptoms and abrupt shortness of breath
.l Immediate night time autopsies

) Findings similar to case seen
1 month earlier

Nolte, KB et al. Arch Pathol Lab Med 1998;20:125-128




OMI evening
autopsies of
engaged
couple and
reports 3
deaths

14

NM Unexplained Deaths, 1993

CDC, ID, Family and
toxicology Physician community
experts information contacts
consulted letter sent interviewed

Families . CDC

IHS reports interviewed; Notification assistance
5 deaths CO,AZ, UT sent to all requested;

called states Placitas
meeting

17 18 19 24 25 26 27

May

CDC detected
hantavirus
antibody in 3
patients

June




Medicolegal Death Investigative System

] Critical element: Recognizing fatal emerging infections
and infections of public health importance

] Half of autopsies performed on persons who died of
natural causes

] Infectious cause of death in 25% of natural disease
autopsies*

*Nolte, KB et al. Arch Pathol Lab Med 1996;1120:125-128




Autopsy-based Surveillance

Advantages Over Death Certificates

] Use of human tissues allows for enhanced diagnostic
capacity
» Accurate determination of cause of death
» Insights into pathogenesis (e.g., HPS)
» Insights into route of infection (inhalational anthrax)
» Rapid public health notification of findings

» More infections recognized than encoded by death certificates
(e.g., TB)

HPS, Hantavirus pulmonary syndrome

TB, Tuberculosis




Med-X Surveillance

] Evaluated 2000-2002
J Supported by CDC Bioterrorism Preparedness and
Response Program

] Basic principles
» Uses surveillance symptoms to capture potential cases
» Uses pathology-based syndromic reporting standards
» Seeks organism specific diagnoses

» CDC Infectious Diseases Pathology Branch provides enhanced
diagnostic capacity

Nolte, KB et al. Hum Pathol 2007;38:718-725




Med-X Surveillance Symptoms

J Flu-like symptoms

] Fever and respiratory symptoms

J Acute encephalopathy or new onset seizures
J Descending paralysis, polyneuropathy

] New fatal rash

] New jaundice

] Acute bloody diarrhea

] Unexpected death

Nolte, KB et al. Hum Pathol 2007;38:718-725




Med-X Pathology-based Syndromes

Autopsy Syndrome Potential BT lliness Public Health Benefit

Community-acquired Plague Influenza
pneumonia Tularemia Pneumococcal and other
Q fever bacterial and viral
Acute respiratory distress  Inhaled S. aureus pneumonias
syndrome enterotoxin B HPS
Ricin
Phosgene
Chlorine

Other gases

Nolte, KB et al. Hum Pathol 2007;38:718-725

BT, Bioterrorism
HPS, Hantavirus pulmonary syndrome




Med-X Surveillance Results

2000-2002

6,104 jurisdictional cases

250 met entry criteria (4.1%)

141 had pathologic syndrome (56%)
7 127 had infectious disease (51%)

» Organism-specific diagnosis was made in 103 (81%) cases

» 60 (58%) were notifiable conditions in NM

= 37 S. pneumoniae
= 8S. pyogenes

5 H. influenzae

1 M. tuberculosis
1 botulism

2 AIDS

Nolte, KB et al. Hum Pathol 2007;38:718-725




Positive Predictive Value of Med-X Symptoms

Surveillance Infectious
Toxin Undeterm
Symptom Dlsease

Flu-like symptoms

Fever and

respiratory 60
symptoms

Unexpected death 79

Encephalopathy or

: 26
seizures

Nolte, KB et al. Hum Pathol 2007;38:718-725
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12 15% 35 44% 17 22%
6 23% 6 23% 1 4%




Med-X Surveillance: Conclusions

] Flu-like symptoms, fever and respiratory symptoms, and
encephalopathy or new-onset seizures

are highly predictive of infections

J Sudden unexpected death is less likely to represent an
infection

] Organism-specific diagnoses can be obtained in the
majority of infectious disease deaths

Nolte, KB et al. Hum Pathol 2007;38:718-725




Med-X Surveillance: Conclusions

J Uniform autopsy and reporting criteria increase
recognition of public health conditions and likelihood of
recognizing bioterrorism-related deaths

J Combined surveillance systems serve the public well,
and can be tested, modified, and utilized daily

] Current Med-X Coverage in MN

» Used in 13% of large ME/C offices
» Population served by system ~15 million

Nolte, KB et al. Hum Pathol 2007;38:718-725

Blau, DM et al. Intl Conf on EID, Atlanta 2010




Requirements to Implement Med-X

] Uniform area of medicolegal jurisdiction

] Linkage to a health department that shares the
jurisdiction

] Uniform investigation of jurisdictional deaths

J Access to microbiology laboratory

] Electronic data management system

ME/C, Medical Examiner and Coroner

Nolte, KB et al. Hum Pathol 2007;38:718-725
Nolte, KB et al. Am J Forensic Med Pathol 2010;31:308-312




Let conversation cease,

let laughter flee,

for this is the place where

death delights to help the living.

Translation of Latin mosaic, Office of Chief Medical Examiner, City of New Yor!







Unexplained Death Surveillance
in Minnesota
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Overview

] Unexplained Death Surveillance
in Minnesota

] Findings
] Lessons learned
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http://www.health.state.mn.us/divs/idepc/dtopics/unexplained/index.html



http://www.health.state.mn.us/divs/idepc/dtopics/unexplained/index.html

Unexplained Death Surveillance (UNEX)

in Minnesota

- In 1995, UNEX started as part of the CDC Emerging
Infections Program in 4 states: MN, CT, CA, and OR

1 UNEX goals

» ldentify novel and newly emerging pathogens

» ldentify deaths due to known pathogens presenting as sudden
unexplained deaths

» Monitor epidemiologic features of fatal infections
» Improve pathology-based diagnostics

http://www.health.state.mn.us/divs/idepc/dtopics/unexplained/index.html



http://www.health.state.mn.us/divs/idepc/dtopics/unexplained/index.html

UNEX Case Definition

1 Death or critical iliness unexplained by routine testing

] Pre- and/or post-mortem findings suggestive
of an infectious disease
» Fever, leukocytosis, cerebrospinal fluid pleocytosis,
or histopathological evidence of an infection

] Focus on persons previously healthy and
those <50 years of age, but not limited to that population

UNEX: Unexplained Death Surveillance




UNEX Case Finding and Investigation

] Cases are reported to the MN Department of Health (MDH)
by
» Infectious disease physicians
» Infection preventionists
» Hospital pathologists
» Medical examiners
] Information is collected from
» Medical records; Scene investigation findings
» Autopsy and pathology reports
] Specimens are tested at MDH laboratory and the CDC
Infectious Diseases Pathology Branch (IDPB)

UNEX: Unexplained Death Surveillance




Unexplained Death and Critical lllness Surveillance in
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MED-X Case Finding and Investigation

1 In 2006, surveillance was initiated for all fatal infectious
diseases in selected Medical Examiner (ME) jurisdictions
(MED-X)

» Active surveillance conducted in partnership with the Minnesota
Regional ME: Covers 8 counties, 14% MN population
= During 2007-2010, rate of 12 infectious deaths/100,000 population

» Minnesota Regional ME, Hennepin County ME, Ramsey County ME,
Olmsted County ME and Midwest ME

] MDH provides specimen collection materials with
specimens sent to MDH

] NM MED-X model is used




Unexplained Death and Critical lliness

Surveillance in Minnesota, 2006-2011

1,520 cases reported to MDH

l 347 Non-infectious cases
74 Not MED-X, not UNEX cases

1,099 cases

/\

723 UNEX cases 532 Both

v" 143 critical illness MEl[J)I;I)I(E)a(md 908 MED-X cases

v" 580 deaths

298 UNEXsub cases
v' 70 critical illness
v' 228 deaths




MED-X and UNEX, 2006—2011

100 -
] Median age 13 years
(range 3 days-49 years)
» 228 fatal cases
= 58% male

Q

& % = Median age 9 years

ij S = Range 3 days—49 years
0 % » 70 critical illness cases

S < = 54% male

= Median age 17 years
= Range 12 days—47 years

MED-X UNEX UNEXsub




Med-X Cases, 20
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UNEX and UNEXsub, 2006-2011
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Frequency of Pathogen-Specific Explanation using

Available Pre- or Post Mortem Specimens by Syndrome:
2006-2011*

_ - Total cases 457; 29% explained

UNEX cases 359; 36% explained

UNEXsub cases 298; 36% explained

120 - - Explained cases

Number of cases

Respiratory  Neurological Sepsis/Shock Cardiac Gl/Hepatic Sudden Other

*Includes definite and probable explained




Diagnostic Methods Used Among Explained

UNEXsub Cases, 2006-2011 (n=106)

Culture

B Pathogen specific PCR
16S-PCR

B Immunohistochemistry
Smear/special stain

M Serology
Antigen Detection




Sudden Unexpected Infant Death with Infectious

Etiology: 2006—-2011*

J Includes Infant deaths with available

specimens
_ Category Explained
» Often only fresh specimen

was nasopharyngeal swab  Respiratory 48%

for resplra.tory viruses; Neurological 0 0 0%

however fixed tissue

. i 0

frequently available R 1 2 >0%
Cardiac 5 10 50%
Gl/Hepatic 0 5 0%
Sudden 6 31 19%
Other 0 0 0%
Total 23 71 32%

*Includes definite and probable explained




Examples of Public Health Impact

of Identifying Etiology among MN cases

] Require specific public health interventions

» Neisseria meningitidis, polio (vaccine-derived poliovirus),
M. tuberculosis

] Vaccine preventable diseases
» Streptococcus pneumoniae, influenza

[l Nationally-notifiable infectious diseases

» Human Immunodeficiency Virus, Legionella pneumophila

] New to Minnesota
» Rickettsia rickettsii, Powassan virus, Naegleria fowleri




Diseases New to Minnesota

] Rocky Mountain Spotted Fever
» One of the cases had no travel history
» Ticks collected and found to carry Rickettsia rickettsii

» Educated physicians that Rocky mountain Spotted Fever may occur
in MN

] Powassan encephalitis
» Subsequent to detection of first case in 2008, developed diagnostic
capacity and 14 other cases detected 2009-2011
1 Naegleria fowleri
» 1t case in 2010; typically Southern States in United States
» Educated physicians and the public about the disease
» 2"d case occurred in 2012




Surveillance During 2009 H1N1 Pandemic

] Specimens were evaluated from cases with influenza-like iliness
(ILI) based on pre-mortem symptoms and/or autopsy findings in
MN UNEX/MED-X systems

» Testing conducted: Virologic testing, including PCR, culture

J Laboratory surveillance for deaths among hospitalized patients
with ILI was conducted

J Medical records and other data were reviewed to determine if
H1N1 had been related to cause of death

] 66 deaths were identified; 16 were found through UNEX/MED-X
system

» Cases from UNEX/Med-X are younger, less likely to have underlying
conditions, and more likely to be non-white
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Lesson Learned

Partnering with
medical examiners and pathologists
to conduct infectious disease investigation

and testing is especially important
in identifying
fatal infectious disease cases




Partnering with Medical Examiners and Pathologists

] Case-based death investigation is unique in correlating
laboratory findings, clinical features, and pathologic

evidence to establish a causal relationship
» Cases of infectious disease of public health importance are detected that
otherwise would likely be missed
» Challenge: Sometimes identified pathogen(s) may not be cause
of syndrome or death
] Resource/labor intensive
» Medical examiners, pathologists, and public health staff
» Additional testing and materials are required
] Especially valuable when there is an emerging pathogen;

e.g., influenza A (H1N1), Powassan virus




Parting Thoughts

] Emerging and reemerging diseases are well and alive!

] Critical components for their detection, prevention
and control

» Vigilance and broad partnerships
» Multidisciplinary approach
» Advanced diagnostic tools
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